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Abstract. We construct a model with long-lived metastable vacua in which all the relevant pa- 
rameters, including the supersymmetry breaking scale, are generated dynamically by dimensional 
transmutation. The metastable vacua appear along a pseudo-runaway direction near a point of 
enhanced symmetry as a result of a balance between non-perturbative and perturbative quantum 
effects. We show that metastable supersymmetry breaking is a rather generic feature near certain 
enhanced symmetry points of gauge theory moduli spaces. 

PACS. ll.30.Pb Supersymmetry - ll.30.Qc Spontaneous and radiative symmetry breaking 



1 Introduction 

Intriligator, Seiberg and Shih (ISS) [T] showed that 
nonsupersymmetric vacua are rather generic if one re- 
quires them to be only local, rather than global, min- 
ima of the potential. One lesson from ISS is that cer- 
tain properties of moduli spaces can hint at the ex- 
istence of metastable vacua. In their case, it was the 
existence of supersymmetric vacua coming in from in- 
finity that signaled an approximate R-symmetry. Here 
we will point out that one should also look for another 
feature, namely, enhanced symmetry points, which are 
defined by the appearance of massless particles. We 
claim that if the moduli space has certain coincident 
enhanced symmetry points, metastable vacua with all 
the relevant couplings arising by dimensional transmu- 
tation may be obtained [5]. 

The model considered here consists of two SQCD 
sectors, each with independent rank and number of 
flavors, coupled by a singlet. It involves only marginal 
operators with all scales generated dynamically. At 
the origin of moduli space, the singlet vanishes and 
the quarks of both sectors become massless simultane- 
ously. There are thus two coincident enhanced symme- 
try points at the origin. While one of the SQCD sectors 
is in the electric range and has a runaway, the other 
has a magnetic dual description as an O'Raifeartaigh- 
like model. Near the enhanced symmetry point, the 
Coleman- Weinberg corrections stabilize the nonper- 
turbative instability producing a long-lived metastable 
vacuum. We refer to a runaway direction stabilized 
by perturbative quantum corrections as a "pseudo- 
runaway" . A feature of our model is that it may be 
possible to gauge parts of its large global symmetry to 
obtain renormalizable, natural models of direct gauge 
mediated supersymmetry breaking with a singlet. R- 
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symmetry is broken both spontaneously and explicitly 
in our model; the spontaneous breaking allows for non- 
zero gaugino masses, while the explicit breaking allows 
for a non-zero i?-axion mass. 



2 Models with Moduli Dependent Masses 

The matter content of the models considered here con- 
sists of two copies of supersymmetric QCD, each with 
independent rank and number of flavors, and a single 
gauge singlet chiral superfield: 
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The most general tree-level superpotential with only 
relevant or marginal terms in four dimensions for the 
matter content ^ with iVc, iV^ > 4 is 

W = iX^J<P + ^^J)Q^QJ + (A:,j-,<? + e:.jv)P,.Pjv , 

(2) 

where w{^) is a cubic polynomial in ^. We shall find 
metastable vacua even in the simplest case of = 
0, which we assume from now on. The general situation 
is discussed in Sec. 4 (in [3], the case w{<l>) = was 
used to stabilize supersymmetrically) . 

At the classical level this superpotential has an ac- 
cidental U{1)r X U{l)v X ^^(1)^ global symmetry. In 
the quantum theory the C/(l)ij symmetry is anoma- 
lous with respect to the SU{Nc) and SU{N'J gauge 
dynamics. In the SU{Nf)v x SU{N'j)v global sym- 
metry limit the superpotential ^ (with w{<P) — 0) 
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reduces to 

W^i\^ + e)tr(QQ) + iX'^ + C')tr(PP) • (3) 

For ^ = ^' both masses may simultaneously be ab- 
sorbed into a shift of ^, and the tree level superpoten- 
tial in this case reduces to 



W = tr(QQ) + A'<? tr(FP) . 



(4) 



The classical moduli space of vacua is as usual pa- 
rameterized by baryon and meson invariants, see [2]. 
It is lifted by nonperturbative effects in the quantum 
theory. Since the metastable supersymmetry breaking 
vacua discussed below arise for <P ^ 0, only this branch 
of the moduli space will be considered in detail. On this 
branch, holomorphy, symmetries, and limits fix the ex- 
act superpotential written in terms of invariants, to be 
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For gauge sectors in the free magnetic range, the non- 
perturbative contribution refers to the Seiberg dual. 
Since the meson invariants are lifted on this branch, 
they may be eliminated by equations of motion to give 
the exact superpotential in terms of the classical mod- 
ulus 
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The supersymmetric minima are given by stationary 
points of the superpotential, dW/d(!> — 0. 

The metastable vacua found below occur when one 
of the SQCD sectors (the unprimed sector) is in the 
free magnetic range, i.e. iVc -I- 1 < Nf < ^Nc, and the 
other (primed) sector exhibits an ADS runaway behav- 
ior. I.e. N'f < N^^. Moreover, we work in the range A' 
<^ E <^ A, where the primed sector is weakly interact- 
ing while the unprimed sector has a dual weakly cou- 
pled description in terms of the magnetic gauge group 
SU{Nc) with Nc=Nf - N^ N^ singlets My , and Nf 
magnetic quarks (g^, qj). In terms of this description, 
the full nonperturbative superpotential reads 



W = mP tr M + hir qMq + X'<P tr PP 
+ {K - N'f) 
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Hereafter, Mij — QiQj/A, and m := XA. The mag- 
netic sector has a Landau pole at A = A. 

In this description, the meson M and the primed 
quarks (P, P) become massless at <^ = 0. Af = is also 
an enhanced symmetry point since here the magnetic 
quarks {q, q) become massless. 



3 Metastability near enhanced symmetry 
points 

Starting from the superpotential ([7]), the discussion is 
simplified by taking the limit A —f oo, while keeping 
m fixed. The nonperturbative det M term is only rel- 
evant for generating supersymmetric vacua, and not 
important for the details of the metastable vacua that 
wiU arise near M = 0. Thus, for M/A ^ and <1>/A 
— > 0, it is enough to consider the superpotential 

A'^tr PP 

l/(N^-Af}) 

As discussed in [2], metastable vacua can only ap- 
pear in the region near the enhanced symmetry point 
M = 0. This still has a runaway, but it turns out that 
one-loop corrections stop it; this novel effect is char- 
acterized as a "pseudo-runaway" . The reason for this 
is that the Coleman- Weinberg formula 



W = m^tT M 
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will have polynomial (instead of logarithmic) depen- 
dence. This will be explained next. 

In the region ^ / 0, (P, P) may be integrated out 
by equations of motion provided that A ^ A'^. This 
is a good description if we are not exactly at the origin 
but near it, as given by ^/yl <C 1. Taking, as before, 
yl — > oo and m fixed, the superpotential reads 

ly = TO^ tr M + /i tr qMq 

+iV^[A'^/ '/"^^ . (10) 

This description corresponds to an O'Raifeartaigh - 
type model in terms of magnetic variables but with no 
flat directions. 

Given that (p = ^ 0, we will expand around 
the point of maximal symmetry 

q^{q^ 0),g=(^Qo), 
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Here qo and go are Nc x Nc matrices satisfying 



hqoiqoj = -m(j)5ij , ij = Nc + 1, 
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(12) 



and the nonzero block matrix in M has been taken 
to be proportional to the identity; indeed, only tr M 
appears in the potential. This minimizes Wm and sets 
Wq = Wq — 0. The spectrum of fluctuations around 
(jlip was studied in detail in fJ", where it was shown 
that the lightest degrees of freedom correspond to 
{(j),X) with mass given by m. The effective potential 
derived from (1101) is 
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where the first term comes from W^. The Coleman- 
Weinberg contribution will be discussed shortly. 

As a starting point, set X — Q and Vcw 0. 
Minimizing V{(j),X = 0) gives 



— i N'f- 



(14) 

and since W^^ ^ m, V{(j)Q + 6(l), X = 0) corresponds to 
a parabola of curvature m. The nonperturbative term 
only affects (jjo but not the curvature m. 

Next, allowing X to fluctuate (but still keeping 
Vcw — > 0), V{(j)o,X) gives a parabola centered at 
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and curvature m. In other words, X = is on the side 
of a hill of curvature m and height V{(j)a,0) ^ m^|0o|^- 
To create a minimum near X = 0, Vcw should 
contain a term m^^|Xp, with rucw ^ "^i this would 
overwhelm the classical curvature. As explained in [2], 
the massive degrees of freedom giving the dominant 
contribution to Vcw come from integrating out the 
massive fluctuations along qo and qq. The result is 



Vcw = NM^m\<j)\\X\^ + 



(16) 



with 6=(log4 — l)/87r^iVc [Tj, and '. . .' represent con- 
tributions that are unimportant for the present dis- 
cussion. In this computation, X and (j) are taken as 
background flelds. The quadratic X dependence ap- 
pears because X = is an enhanced symmetry point. 

In order to be able to produce a local minimum, 
the marginal parameters (A, A') will have to be tuned 
to satisfy 

m 

In this approximation, the value of (j) at the minimum 
is still given by (fT4|) : also, X is stabilized at the nonzero 
value 

m ^^^^ 
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with l^ol <C Xw^=o- At the minimmn, (|17p gives 

im/A' f''''-^'f « (6/i3)(2^c-^;)/^cA'^} (19) 

so the Yukawa coupling A in m = Ayl must be taken 
small for the analysis to be self-consistent. The calcu- 
lability condition A' <C A'<? follows as a consequence 
of this. At the minimum, Xq <C 4>o- The F-terms are 
given by ^ m(f>o ^ Wx, and from ^1)1 the scale 
of supersymmetry breaking is thus controlled by the 
dynamical scales of both gauge sectors. 

Thus the model has a metastable vacuum near the 
origin, created by a combination of quantum correc- 
tions and nonperturbative gauge effects. The pseudo- 
runaway towards X = Xw^^q has been lifted by the 
Coleman- Weinberg contribution, as anticipated. This 
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Fig. 1. A plot showing the shape of the potential, includ- 
ing the one-loop Coleman- Weinberg corrections, near the 
metastable minimum. In the 0-direction the potential is a 
parabola, whereas in the X-direction it is a side of a hill 
with a minimum created due to quantum corrections. This 
plot was generated with the help of [5j. 



is the origin of the 1/6 dependence in (fT8|) . The local 
minimum is depicted in Fig. [T] 

The metastable vacuum appears from a competing 
effect between a runaway behavior in the primed sector 
and one loop corrections for the meson field X. One 
is naturally led to ask if, under these circumstances, 
other quantum effects are under control. These include 
higher loop terms from the massive particles producing 
Vcw as well as perturbative g' corrections. In 2J it was 
shown that such corrections are under control and do 
not destabilize the metastable vacuum. 

The metastable non-supersymmetric vacuum can 
be made parametrically long-lived by taking the pa- 
rameter e = sufficiently small. The direction 

in field space to tunnel out of the false vacuum is to- 
wards negative X with fixed |(/)| = \4>o\ [2]; the one- 
dimensional potential V{X) = V{\(t)\ — \cj)Q\,X) is shown 
in Fig. [21 The bounce action scales as 
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where the field tunnels to X, and V{X) reaches a local 
maximum at Apeafe- Thus i? ^ oo as e — > 0. 

To have gaugino masses, any R-symmetry must be 
broken, explicitly and/or spontaneously. The low en- 
ergy superpotential (jTU]) has the U{l)u symmetry 
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(21) 

Since the VEV's of these fields are nonzero in the 
metastable vacuum, the R-symmetry is spontaneously 
broken, and there is an R-axion a. For finite A, the 
det X contributions need to be taken into account, 
and the C/(1)_r symmetry becomes anomalous. This 
explicit breaking gives a mass to the R-axion, 




(22) 



where A is the Yukawa coupling appearing in m = Ayl. 
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Fig. 2. The classical potential (dashed line) and the to- 
tal potential including one-loop corrections (solid line) 
for fixed \4)\ = |0o|, where \<f)o\ is the value of at the 
metastable minimum (|14[) . In the figure, Nf = 3, Nc = 2, 
A'^^ = 1 and = 2, and = has been scaled to equal 
1 on both axes; the metastable minimum lies at ~ 10"''. 
This plot was generated with the help of [5]. 



4 Meta-Stability Near Generic Points of 
Enhanced Symmetry 

A generic structure in the landscape of effective field 
theories corresponds to a gauge theory with vector-like 
matter and mass given by a singlet, whose dynamics 
is related to another sector. The superpotential may 
be written as 



(23) 



Here, (Q,Q) are Nf quarks in SU{Nc) SQCD; /(<?) 
may be generated, for instance, from a flux superpo- 
tential, by nonrenormalizable interactions, or by an- 
other gauge sector. Next, it is required that the SQCD 
sector be in the free magnetic range, which is still 
a generic situation. The dual magnetic description is 
weakly coupled near the enhanced symmetry point 
$ — 0, where the superpotential reads 



W = f{<P) +m<P tr M + h tr qM q . 



(24) 



The question that will be addressed here is: what 
restrictions need to be imposed on /(<?), so that the 
one loop potential Vcw can create a metastable vac- 
uum near M = 0? Since we are interested in the 
novel effect of pseudo-runaway directions we will de- 
mand /'(<?) 7^ 0. The model in 3 would correspond 
to /'(^>) = 0. 

As discussed in Sec. 3, this is possible only if 
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where (j) denotes the expectation value of at the 
metastable vacuum. Further, one needs to impose that 

h'^\X\^ ^m\(t)\ (26) 

in order for the Taylor expansion of Vcw around X = 
to converge. Evaluating the potential as in (fT3|) . 

V ^ Nem^\(j>\^ + \f'{(P) + mNeX\^ +ml.yy\X\\ (27) 



The rank condition, an essential ingredient in the dis- 
cussion, just follows from having SQCD in the free 
magnetic range. This fixes the first term, which comes 
from Wm, and the block structure of the matrix M; 
X was defined in pTjl . 

The minima of V{(j), X) are 

N^m^cf, = -f'{cl>) f"{cl>r, ml^ X = -N,mf'{^) . 

(28) 

It is possible to combine the conditions ([25| and ([26| 
with the values at the metastable vacuum (|28|) to de- 
rive constraints on /((/)): ([25]) now reads 
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gives 
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The necessary conditions for metastable vacua near 
AT = to exist are and (|30p. These conditions 
may require fine-tuning the coefficients of /(</)), for 
example if one has two gauge sectors as in ^ with 
non-coincident enhanced symmetry points [2]. In the 
case of coincident enhanced symmetry points, where 
there are no relevant scales, no fine-tuning is required. 

In summary, we constructed a model with long- 
lived metastable vacua in which all the relevant pa- 
rameters, including the supersymmetry breaking scale, 
are generated dynamically by dimensional transmuta- 
tion. The model has the desirable features of an explic- 
itly and spontaneously broken i?-symmetry, a singlet, 
a large global symmetry, naturalness and renormal- 
izability. The metastable vacua are produced near a 
point of enhanced symmetry by a combination of non- 
perturbative gauge effects and, crucially, perturbative 
effects coming from the one-loop Coleman- Weinberg 
potential. A salient feature is the existence of pseudo- 
runaway directions, which correspond to a runaway be- 
havior that is lifted by one loop quantum corrections. 
It would be interesting to study the implications of this 
for the landscape of supersymmetric gauge theories. 
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